In 2012 because of increasing transport problems the Ministers of the Environment and of the Economy announced the regulation concerning the wood density in transport (Rozporządzenie..., 2012). A series of technical roadside inspections showed that the total mass of vehicles together with their cargo substantially exceeded admissible limits. According to a study by Trzciński (2010 Trzciński ( , 2011 , the mass of trucks with timber ranged from approx. 40 ton to approx. 60 ton and the mean loading of a single axle vehicle ranged from 70 kN to 120 kN. The discrepancies resulted mainly from the diff erence in mass typical of individual wood species. Within the same species diff erences were also observed for individual sortments. Trzciński (2011) also stated that transported loads of large-sized pine timber of min. 21 m 3 exceed the admissible mass of the vehicle and cargo set. This would result in a considerable reduction of loads in relation to transportation vehicles' capacity. 
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INTRODUCTION
Tomczak, E., Jakubowski, M., . Mass and density of pine pulpwood harvested in selected stands from the Forest Experimental Station in Murowana Goślina. Acta Sci. Pol. Silv. Colendar. Ratio Ind. Lignar., 15(2), 105-112. DOI: 10.17306/J. AFW.2016.2.13 means that the actual wood mass is the mass of timber, i.e. xylem, contained water, phloem and bark. Wanin (1953) reported that 1 m 3 of freshly harvested pine timber weighs 863 kg. Krzysik (1978 reported from Trendelenburg 1939 ) that green density of pine timber is 750 kg/m 3 (diameter more than 40 cm), 800 kg/m 3 (diameter from 20 cm to 40 cm) and 880 kg/m 3 (diameter below 20 cm). Generally, wood density is highly variable, dependent mainly on porosity (wood species) and wood moisture content (Krzysik, 1978) . When analysing variability in wood density within a species, we may also observe the eff ect of the social class of a tree's position in the stand, habitat or geographical location (Paschalis, 1980; Wiemann and Wiliamson, 2001) . Density along with other properties and characteristics of wood will, moreover, depend on the position of wood within the stem, the pattern of annual rings and the proportion of late wood and earlywood (Tomczak, 2013; Tomczak and Jelonek, 2014; Tomczak et al., 2010; Witkowska and Lachowicz, 2013) .
The bark is also an important component of the mass of pulpwood. The bark of Scots pine was investigated by Bauza (1971) , who stated that the basic density of air-dry dead bark is 385 kg/m 3 . Dietz (1975) in turn reported that the basic density of pine bark is 300 kg/m 3 . According to Wróbel (1975) , the density of air-dry bark depends on its type and ranges from between 370 kg/m 3 and 390 kg/m 3 (dead bark, i.e. cracked, brown bark on the stems of older trees) to between 510 kg/m 3 and 550 kg/m 3 (smooth, reddish bark on the stems of younger trees or in higher parts of older trees). The density of smooth bark is close to that of wood. The density of air-dry pine wood ranges from 450 kg/m 3 to 650 kg/m 3 (Głowacki and Paschalis, 1991; Kobyliński, 1967) . The share and density of bark are of importance when estimating the above-ground biomass of forests (Jabłoński and Budniak, 2014) , particularly in the case of Scots pine, which predominates in Poland (Orzeł et al., 2006) . Ochał et al. (2013) calculated that the share of bark in aboveground tree biomass is approx. 7%. In stem biomass the share of bark will be higher. According to Grochowski (1953 Grochowski ( , 1956 , in age class V (80-100 years) the share of bark in the stem volume of a pine stand (90 year-old; site index II/III) may be estimated at 14%. A similar result was obtained by Rymer-Dudzińska (1964) , who assessed that in even-aged pine stands the mean percentage of bark volume ranges from 13% to 16%. Meixner (1970) also showed that the proportion of bark in -stem volume in pines aged 35 years is approx. 17%, while in an 88-year old stand it is approx. 13.5%. The issue concerning the proportion of bark in the volume of single trees or whole pine stands is frequently discussed in literature, mainly by Rymer-Dudzińska (1973 , 1976 , 1981 , 1997 . Data concerning the proportion of bark may also be found in volume and trunk slenderness tables of Scots pine logs, prepared by Radwański (1955) . As well as bark, water is an equally signifi cant component of timber mass. Water in wood is divided into three types: constitutive (in plasma and sap), bound (fi lling spaces in cell walls) and free (in pores of wood). The water content of wood is determined by swelling and shrinkage. As a hygroscopic material wood is capable of vapour exchange with the environment. This phenomenon occurs solely in the hygroscopic range, the upper limit of which is defi ned by the maximum cell wall swelling point (assumed to be 30%). Water content in a tree stem depends on the species, the age and the season of the year, for example. A greater water content is found in softwoods, i.e. wood of coniferous species, and hardwoods, i.e. deciduous species, with softer wood. Sapwood and heartwood diff er greatly in terms of their moisture content. In pine the moisture content of sapwood is almost three times that of heartwood. At the stem profi le there are two moisture content maxima, one located at the base of stem and the other in the apical part of the stem, containing sapwood. Winter is the season when pine has the greatest moisture (Krzysik, 1978; Wanin, 1955) .
Mass and density of timber, i.e. mass per 1 m 3 , may thus vary correspondingly to factors directly aff ecting these values. The actual mass of timber is not currently determined when timber is loaded on to road vehicles. An estimate is used, a product of volume converted into mass, with mass being a constant value, in accordance with the table attached to the ordinance of the Minister of the Environment and the Minister of Economy on the determination of wood density (Rozporządzenie..., 2012). In the case of pine we assume a density of 740 kg/m 3 , i.e. a mass of 740 kg per 1 m 3 of timber. This paper presents the results of pilot studies, the aim of which was to determine the mass and green density of pine pulpwood (wood with bark), harvested from fresh-cutting trees.
MATERIAL AND METHODS
Analyses were conducted at the Forest Experimental Station in Murowana Goślina (Poznań University of Life Sciences). Four pine stands were selected from a group of those, in which intermediate cutting was planned. Stands selection based on the following criteria: age, habitat and site index (Table 1) .
In each plot the diameter at breast height of 100 trees earmarked to be felled was measured twice, at the smallest and greatest diameters, with the mean result recorded in the respective diameter sub-class. A 2-cm diameter gradation was assumed starting from 7 cm. In proportion to the number of trees in the sub-class heights were measured using the Sunnto hypsometer (from a distance of 20 m). Based on collected data the reference sample trees were selected using the Draudt's method, assuming that each plot would be represented by 30 trees (the coeffi cient of 0.3). Multiplication of the number of trees in a given diameter sub-class by the coeffi cient showed the number of mean sample trees it would be represented by. The application of this method facilitates the selection of representatives samples from the entire population of trees to be harvested.
After felling the selected trees, their length was measured with a tape accurate to 0.1 m in order to amend the measurements taken from standing trees. After delimbing, logs of 2.5 m length were cut. Minimum diameter at the small end -was 7 cm outside bark.
The number of logs produced from one stem ranged from 2 to 8. The minimum and maximum diameters were then measured for each of the stem cross-butt ends, both inside and outside bark. Using the lower and upper diameters of the log their volumes outside bark (wk) and inside bark (bk) were calculated using Smalian's formula. After diameter measurements were taken, each log was weighed. Mass was determined accurate to 0.1 kg. Analyses were conducted in February 2014. In that month the recorded temperature ranged from -3 to 11°C and relative humidity ranged from 39% to 100%.
The collected data were analysed and descriptive statistics were prepared. The data were not normally distributed. Diff erences were tested using the post-hoc Shaff é's test. All calculations were performed using the Statistica application (StatSoft Inc.).
RESULTS
The average diameter at breast height for the mean sample trees in individual plots ranged from 14 cm to 19.9 cm, while their height ranged from 16.6 m to 20.9 m. Generally trees grown in the fresh mixed forest (LMśw) were shorter and had smaller diameters at breast height in comparison to those from the fresh mixed coniferous forest (BMśw). Statistically signifi cant diff erences observed between diameters at breast height in older trees and younger trees. Both analysed traits also diff ered signifi cantly between LMśw -fresh mixed forest, BMśw -fresh mixed coniferous forest. LMśw -las mieszany świeży, BMśw -bór mieszany świeży.
Tomczak, E., Jakubowski, M., Jelonek, T., Wąsik, R., . Mass and density of pine pulpwood harvested in selected stands from the Forest Experimental Station in Murowana Goślina. Acta Sci. younger (45 to 47 year-old) and older (55 to 56 year--old) stands (Table 2) . Between the diameter at breast height and the mass of timber a very strong relationship was observed (Spearman's rank correlation of 0.95 at p < 0.01). A similarly strong dependence was also found between mass of timber and tree height (0.91 at p < 0.01).
In plot P 1 harvested 3.54 m 3 timber (with bark), with the total mass of 3503 kg. In plot P 2 it was 4.46 m 3 , with a total mass of 4014 kg. In the older stands the total volume of timber collected from the 30 mean sample trees was 6.80 m 3 in plot S 1 and 8.55 m 3 in plot S 2 . The mass of timber in plots S 1 and S 2 was 5793 kg and 7914 kg, respectively (Table 1) . The mass of timber harvested from individual stands, converted per 1 m 3 , was 989.5 kg (P 1 ), 900 kg (P 2 ), 851.9 kg (S 1 ) and 925.6 kg (S 2 ). In plot P 1 0.32 m 3 bark was collected and in plot P 2 it was 0.33 m 3 , while in plots S 1 and S 2 it was 0.50 and 0.52 m 3 respectively. The proportion of bark in the volume of timber harvested may thus be estimated at 9.9 (P 1 ), 8.0 (P 2 ), 7.9 (S 1 ) and 6.5% (S 2 ).
The mean mass of a 2.5 m log in plot P 1 (47-year old stand; LMśw), at the volume of 0.027 m 3 (wood + bark) was 26.3 kg. In plot P 2 (45-year old stand; BMśw) the mean volume of 0.031 m 3 and mean mass of 27.7 kg were harvested. In plots S 1 (55-year old stand; LMśw) and S 2 (56-year old stand; BMśw), the mean mass of log was 34.5 kg (mean volume 0.041 m 3 ) and 44 kg (mean volume 0.048 m 3 ). Statistically signifi cant diff erences were found between younger and older stands, and between S 1 and S 2 . When comparing measures of location it was found that medians are lower than arithmetic means. Thus, data with extremely high values were found. The maximum mass of a log in plot P 1 was 57.6 kg, in plot P 2 it was 81.3 kg, in plot S 1 85.1 kg and in plot S 2 it was 163.5 kg. The minimum mass was 12.6 kg, 12.7 kg, 12.4 kg and 3.5 kg. The average density of a log ranged from 891 kg/m 3 to 1045 kg/m 3 . From the stem of one mean sample tree (depending on the plot) a mean of between 0.12 m 3 and 0.29 m 3 timber was collected. Its total mass ranged from approx. 117 kg to approx. 264 kg (Table 3) .
Stem diameter decreases along its longitudinal axis; consequently the volume of logs and its mass decrease. Very strong relationships are observed between mass, diameter and volume of timber. At the significance level p < 0.01 the rank correlation assumes the value of 0.97 for the relationship between the mass and volume of a log under bark and outside bark. A similarly powerful relationship was found between the mass of a log and its diameter (0.96). In contrast to mass, the density of a log, i.e. the ratio of its mass to volume, increases with a decrease in diameter and volume. The value of the correlation coeffi cient characterising the relationship between timber density and its volume was established at -0.7, with a similarly strong relationship shown between timber density and diameter. n -number of trees, SD -standard deviation, VC -variability coeffi cient. P1 P2 S1 S2 marked diff erences are signifi cant with p < 0.05. n -liczba drzew, SD -odchylenie standardowe, VC -współczynnik zmienności.
P1 P2 S1 S2 zaznaczone różnice są istotne z p < 0,05.
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DISCUSSION
The aim of this analysis was to determine the mass of pine pulpwood, harvested from fresh-cutting trees. Analyses were conducted in February, a period when wood moisture content is at its highest point. In comparison in February the moisture content of sapwood is higher than in July. Diff erences in the moisture content of heartwood are markedly smaller (Bielczyk and Eminowicz; 1954) . Generally, due to the conducting function it serves, sapwood is characterised by a markedly greater moisture content than heartwood. The eff ect of heartwood on recorded results was probably slight, since the share of heartwood in the stems of pines in age class III (40-60 years) is estimated at around a dozen percent (Jakubowski, 2004; Jelonek et al., 2005) . Mass, volume and density were determined with bark, i.e. in the condition in which timber is prepared for quality inspection and transport. Bark proportion in the logs volume will aff ect the total mass of logs and its density. In comparison to wood mass, the mass Table 2 . P1 P2 S1 S2 marked eff ects are signifi cant with p < 0.05. Oznaczenia jak w tabeli 2.
P1 P2 S1 S2 zaznaczone efekty są istotne z p < 0,05.
of 1 m 3 of timber will be greater by tens kilograms because of the bark. The opposite trend is found for density, particularly where there is a considerable proportion of dead bark in the timber volume. Krzysik (1978) from Trendelenburg (1939) reported timber density depending on its diameter. This ranges between 750 kg/m 3 and 880 kg/m 3 , while a lower density is found in timber of greater diameter, and vice versa. Based on the recorded results an analogous dependence was observed. The mass and volume of logs decreased as the distance from the base of stem grew, which is the clear eff ect of the stem diameter decreasing with tree height, while timber density was increasing. In stands of younger age classes medium-sized timber was collected from whole stems, while in older stands it was obtained mainly from the apical parts. The variation in mass along the stem may be infl uenced by wood density, which decreases from the base to the top of the stem (Tomczak, 2013; Tomczak et al., 2013; Witkowska and Lachowicz, 2013) . Wood of lesser density is lighter and more porous, which means that its water capacity is greater. The increa se in timber density from the base to the top of the stem probably results from the disproportionate increment in the volume of water (moisture content) in relation to the volume of wood. Additionally, the analysed variation in timber density needs to be associated with changes in the proportion of bark. In the butt end the bark is thicker, its proportion is higher and, as Wróbel (1975) demonstrated, it is characterised by a lower density than bark from the apical part of the stem. In Scots pine dead bark in the butt end of the stem is thick and markedly cracked, while in the apical part it is thin and smooth. This paper presents results from four stands selected for analyses from the Forest Experimental Station in Murowana Goślina. They are local in character and at this stage of research they may be characteristic of pine timber only within such an approach. Recorded results indicate signifi cant diff erences between the value of density assumed for pine wood in the ordinance of the Minister of the Environment and the Minister of Economy, and the value obtained in these analyses. Resulting discrepancies show the need for further studies in this respect. Variation in the mass and density of timber results from the variability in traits modifying it directly and indirectly. Wood density, the proportion of bark and wood moisture content may directly infl uence the mass of timber, while indirectly it may depend on the season of the year or the type of forest habitat, for example. ). 2. Per 1 m 3 the mass of timber was 979 kg (harvested from fresh-cutting trees). The mass of timber was thus greater than the mass by approx. 30%, which may be estimated based on tabular wood density prepared for the needs of road transportation (740 kg). 3. At the stem profi le the mass of logs decreases (which is the result of stem diameter decreasing with height), while green density increases. The increase in green density of logs is probably the result of changes in porosity and moisture content of wood, as well as changes in the proportion and properties of bark.
